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CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims priority to USSN 60/136,150 filed May 24, 1999, which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 
10 [0002] This invention pertains to the field of glycosyltransferase inhibitors. Compounds 
that inhibit glycosyltransferases, as well as methods for identifying them are provided. Also 
provided are methods of inhibiting glycosyltransferases and methods of modulating 
biological processes that involve glycosylation. 

BACKGROUND OF THE INVENTION 
15 [0003] Carbohydrates are ubiquitous throughout the plant and animal kingdoms. The 

structures are known to play a number of important roles in many biological processes. For 
example, carbohydrates are involved in intercellular recognition in mammalian cells. In 
fungi and plants, carbohydrates are an important structural component in cell walls. 
Carbohydrates are typically synthesized by enzymes such as glycosyltransferases, which are a 
20 group of enzymes that transfer a monosaccharide from an activated sugar nucleotide to 

acceptor oUgosaccharides found on glycoproteins, glycolipids or polysaccharides. Because 
of the importance of glycosylation in biological systems, it is highly desirable to develop 
efficient inhibitors for glycosyltransferases and other enzymes involved in the metabolism of 
carbohydrates. While there has been increasing attention placed on development of 
25 glycosyltransferase inhibitors in recent years, there are as yet no glycosyltransferase 
inhibitors reported that match the characteristics desired for a therapeutic compound. 

[0004] Most of the work done on glycosyltransferases to date has focused on hydrophiUc 
analogs of the donor and acceptor substrates of these enzymes. (Hashimoto et al. J Org Chem 
62:1914-1915 (1997); Hashimoto et al. J Synth Org Ch Japan 55, 325-333 (1997); MuUer et 
30 al. Angewandte Chemie-International Edition 37: 2893-2897 (1998); Amann et al. 
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Chemistry-A European Journal 4:1 106-1 115 (1998); Murray et al. Biochemistry 36, 823- 
831 (1997); Kim et al. J Am Chem Soc 121:5829-5830(1999), Schmidt et al. Bioorg Med 
Chem 3, 1747-1750 (1993); Miura et al. BioorgMed Chem 6, 1481-1489 (1998); and Palcic 
et al. J Biol Chem 264, 17174-17181 (1989)). The best inhibitors are generally in the ^iM 
5 range, but inhibitors of up to 14 nM have been obtained for a siaIyItransferase(MuIler et al., 
supra). Typically, the inhibitors are negatively charged, and therefore unlikely to be orally 
available unless a suitable prodrug form is identified. 

[0005] Most inhibitors based on acceptor substrates are synthetic di- or trisaccharide 

acceptors that bind to the enzyme, but the hydroxyl group to which the transfer normally 
10 occurs has been removed (deoxy-) or substituted (e.g. amino group) Kajihara et al. 

CarbohydrRes 247:179-193 (1993); Stults et al. Glycobiology 9:661-668 (1999); Lu et al. 

BioorgMed Chem 4, 201 1-2022 (1996); Lowary et al. Carbohydr Res 251:33-67 (1994); 

Khan et al. J Biol Chem 268:2468-2473 (1993). In general the Ki values of the inhibitors are 

in the range of the Km value of the acceptor substrates that they replace. However Ki values 
15 on the order of 10 |j,M have been reported for an a-galactosyltransferase (Lowary et al, 

supra) and for N-acetylglucosaminyltransferase V (Khan et al, supra). 

[0006] As a class, prior art oligosaccharide based inhibitors are not expected to cross cell 
membranes and would be considered poor candidates for a therapeutic. However, several 
groups have demonstrated that disaccharide acceptor substrates suitably modified with 

20 hydrophobic aglycons and/or acetyl esters readily enter cells, reach the Golgi compartment. 
Terminal glycosylation of cell surface glycoproteins can be thus be inhibited due to 
competitive glycosylation of the disaccharide substrates which are then secreted (Neville et 
al Biochem J:307, 791-797 (1995); Kuan etal J Biol Chem 264:19271-19277 (1989); 
Sarkar et al Proc Natl Acad Set USA 92:3323-3327 (1995); Sarkar et al J Biol Chem 

25 272:25608-25616 (1997)). 

[0007] Other compounds such as N-butyldeoxynojirimycin (NB-DNJ) and N- 
butyldeoxygalactonojirimycin (NB-DGNJ) have been shown to be inhibitors of 
glucosylceramide synthetase. N-butyldeoxynojirimycin is better known as a glucosidase 
inhibitor, but was found to inhibit the enzyme that initiates the synthesis of 
30 glucosylceramides by attaching glucose to ceramide (Piatt et al. J Biol Chem 269:8362-8365 
(1994) and Piatt et al J Biol Chem 269:27108-271 14 (1994). NB-DNJ has been 
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demonstrated to reduce glycolipid synthesis in mice (Piatt et al. J Biol Chem 272:19365- 
19372 (1997) Jeyakumar et al. Proc Natl Acad Sci USA 96:6388-6393 (1999); and 
Andersson et al. Biochem Pharmacol 59:821-829 (2000)). 

[0008] Based on the above, it is clear that compounds that specifically modulate the 
5 activity of particular glycosyltransferases can be useful to control of number of biological 
processes. Therefore, a need exists for highly efficient inhibitors of glycosyltransferases. 
The present invention fiilfiUs this and other needs. 

SUMMARY OF THE INVENTION 
[0009] The present invention provides inhibitors of glycosyltransferase activity that are 

10 preferably based on the hydrophobic interactions between the carbohydrate portion of the 
enzyme substrates, or product, and the glycosyltransferase. The inhibitors of the invention 
can be used to inhibit the activity of glycosyltransferases involved in the synthesis of 
carbohydrates associated with a number of biological processes. Methods are also disclosed 
for preparing the glycosyltransferase inhibitors as well as various screening assays to identify 

15 suitable candidates. 

[0010] Therapeutic and other uses for these compounds are also provided. The inhibitors 
of the invention can be used, for example, to control glycosyltransferase activity in vitro. For 
example, the inhibitors can used to inhibit glycosyltransferase activity in cell cultures used to 
prepare desired carbohydrate structures. The inhibitors are also conveniently used to produce 
20 animal models of disease by selectively inhibiting desired glycosyltransferases in vivo. In 
addition, the methods of the invention can be used therapeutically, to modify carbohydrates 
associated with disease. 

[001 1 ] In particular, the invention provides methods for designing glycosyltransferase 
inhibitors. The methods comprise providing a non-carbohydrate test compound which 

25 interacts with hydrophobic moieties (e.g., amino acid residues) in the active site of the 
glycosyltransferase. The test compound is contacted with the glycosyltransferase under 
conditions suitable for the glycosyltransferase to transfer a monosaccharide from a donor 
substrate to an acceptor substrate. This is followed by quantitative detection of the 
glycosylated product to determine the degree to which the activity of the enzyme is decreased 

30 in the presence of the test compound. 
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[0012] Usually, the test compound comprises a ring structure that mimics the pyranose 
rings of the acceptor, donor substrate or product of the reaction. Typically, the ring is a 
planar ring structure. For example, the test compound may contain an aromatic ring, a 
heteroaromatic ring, or an aliphatic ring structure. 

5 [0013] Any number of glycosyltransferases from either eukaryotic (e.g., mammals, insects, 
plants, or fungi) or prokaryotic (e.g. bacteria) organisms can be used in the assays. For 
example, fucosyltransferases (e.g., FTVII, FTIV, or FTIII), sialyltransferases (ST6Gall or 
ST3Gall) and galactosyl transferases (e.g., a(l,3)Gal T) can be used. The 
glycosyltransferase can be present in the assay in a number of forms, depending upon the 
10 assay format. For example, the enzyme can be expressed in a transgenic cell or it can be 
expressed constitutively in a normal cell. 

[0014] In the assays, the means by which the product is detected is not critical and will 
depend upon the assay format. For example, one of the enzyme substrates can be labeled 
(e.g., radioactive labels, fluorescent labels and the like) and labeled product is detected. 
1 5 Alternatively, the product can be detected by using an antibody that is specifically 

immunoreactive with the product. Preferred assay formats include high throughput assays 
based on an ELISA format, radioactive column assays, and cellular assays. 

[0015] The test compounds used in the assays, as noted above, will typically be designed to 
interact with hydrophobic residues in the active site of the target glycosyltransferase. 
20 Compounds or analogs thereof having structures suitable for this purpose are preferably used. 
Ideally, the compounds will have an IC50 in the nanomolar range, when tested in the assays 
described herein. Thus, inhibitors will usually have an IC50 of less than about 100 ^M, 
usually less than about 10 }xM, and often less than about 100 nM. 

Definitions 

25 [0016] The term sugar as used herein refers to a carbohydrate compound, comprising one 
or more saccharide units usually an aldehyde or ketone derivative of a polyhydric alcohol, 
particularly of the pentahydric and hexahydric alcohols. For description of saccharide 
structure and nomenclature see. Essentials of Glycobiology, Varki et al. eds.. Chapter 2 (Cold 
Spring Harbor Press, Cold Spring Harbor, NY, 1999). Exemplary sugars and their commonly 

30 used abbreviations are as follows: 
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Fm 


— fructose J 










Gal 


~ gElEctose, 
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GalNAc 


= N^"3.cctyl§3.l3.ctos3iniiic 




Glc 


= glucose; 




GlcNAc 


= N-acetylglucosamine; 




Man 


= mannose; and 




NeuAc 


= N-acetylneuraminic acid 


10 


Sia 


= sialic acid 



[0017] Other examples of sugars include glucosamine, galactosamine, rhamnose, ribose, 

glucuronic acid, N-acetylmuramic acid, xylose. The term also encompasses various sugar 
derivatives such as deoxy derivatives, anhydrouronic acids, chloro derivatives, fluoro 
derivatives and amino sugars (e.g., N-butyldeoxynojirimycin). 

1 5 [0018] Oligosaccharides are considered to have a reducing end and a non-reducing end, 
whether or not the saccharide at the reducing end is in fact a reducing sugar. In accordance 
with accepted nomenclature, oligosaccharides are depicted herein with the non-reducing end 
on the left and the reducing end on the right. 

[0019] All oligosaccharides described herein are described with the name or abbreviation 
20 for the non-reducing saccharide (e.g., Gal), followed by the configuration of the glycosidic 
bond (a or P), the ring bond, the ring position of the reducing saccharide involved in the 
bond, and then the name or abbreviation of the reducing saccharide (e.g., GlcNAc). The 
linkage between two sugars may be expressed, for example, as 2,3, 2->3, or (2,3). Each 
saccharide is a pyranose. 

25 [0020] In the description of chemical compounds, terms are generally used according to 
their standard meanings. The term "alkyl" as used herein means a branched or unbranched, 
saturated or unsaturated, monovalent or divalent, hydrocarbon radical having from 1 to 20 
carbons, including lower alkyls of 1-8 carbons such as methyl, ethyl, n-propyl, butyl, n-hexyl, 
and the like, cycloalkyls (3-7 carbons), cycloalkylmethyls (4-8 carbons), and arylalkyls. 
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[0021] The term "alkoxy" refers to alkyl radicals attached to the remainder of the molecule 
by an oxygen, e.g., ethoxy, methoxy, or n-propoxy. 

[0022] The term "acyl" refers to a radical derived from an organic acid by the removal of 
the hydroxyl group. Examples include acetyl, propionyl, oleoyl, myristoyl. 

5 [0023] The term "aryl" refers to an aromatic monovalent carbocyclic radical having a single 
ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl), which can optionally be 
mono-, di-, or tri-substituted, independently, with alkyl, lower-alkyl, cycloalkyl, 
hydroxylower-alkyl, amino lower-alkyl, hydroxyl, thiol, amino, halo, nitro, lower-alkylthio, 
lower-alkoxy, mono-lower-alkylamino, di-lower-alkylamino, acyl, hydroxycarbonyl, lower- 
10 alkoxycarbonyl, hydroxysulfonyl, lower-alkoxysulfonyl, lower-alkylsulfonyl, lower- 

alkylsulfinyl, trifluoromethyl, cyano, tetrazoyl, carbamoyl, lower-alkylcarbamoyl, and di- 
lower-alkylcarbamoyl. Alternatively, two adjacent positions of the aromatic ring may be 
substituted with a methylenedioxy or ethylenedioxy group. 

[0024] The term "heteroaryl," as used herein, refers to aromatic rings in which one or more 
15 carbon atoms of the aromatic ring(s) are substituted by a heteroatom such as nitrogen, oxygen 
or sulfur. Heteroaryl refers to structures which may be a single aromatic ring, multiple 
aromatic ring(s), or one or more aromatic rings coupled to one or more non-aromatic ring(s). 
In structures having multiple rings, the rings can be fused together, linked covalently, or 
linked to a common group such as a methylene or ethylene moiety. The common linking 
20 group may also be a carbonyl as in phenyl pyridyl ketone. As used herein, rings such as 
thiophene, pyridine, isoxazole, phthalimide, pyrazole, indole, fiiran, etc. or benzo-fused 
analogues of these rings are defined by the term "heteroaryl." Compounds or analogs thereof 
having structures suitable for this purpose are conveniently used. 

[0025] Examples of suitable classes of compounds that have heteroaryl ring structures 
25 include, but are not limited to, quinolines, arylsulfonamides, phenothiazines, carbazoles, 
benzamides and benzopyranones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Figure 1 shows the interaction of the hydrophobic face of an acceptor substrate with 
30 hydrophobic residues in the active site of a glycosyltransferase: 
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1 A. shows the interaction between a monosaccharide and the active site of a 

glycosyltransferase; 
IB. shows the interaction between an oUgosaccharide and the active site of a 
glycosyltransferase; 
5 IC. shows a disaccharide bound to a glycosyltransferase; 

ID shows the inhibitor design concept of the invention; 
IE shows inhibitor-glycosyltransferase interactions. 
[0027] Figure 2 shows the steps in an ELISA format assay of the invention. 

[0028] Figure 3 shows the steps in a radioactive column assay of the invention. 

1 0 [0029] Figure 4 shows the steps in a cell-based assay of the invention. 

[0030] Figure 5 shows structures of exemplary inhibitors of the invention. 

[0031] Figure 6 shows structures of presently preferred inhibitors of the invention. 



DETAILED DESCRIPTION 

1 5 [0032] The present invention provides methods for the identification of glycosyltransferase 
inhibitors. Glycosyltransferases catalyze the transfer of a monosaccharide from a sugar 
nucleotide, the donor substrate, to an acceptor substrate. The acceptor substrate can be 
essentially any other group capable of accepting a glycosyl residue including, but not limited 
to, glycosyl residues, polypeptides, and lipids. The choice of appropriate substrate is 

20 typically dependent on the specificity of the transferase. See, generally, Beyer et al.. Adv. in 
£«zym. 52:24 (1981). 

[0033] The structures of presently known glycosyltransferase inhibitors are primarily based 
on hydrophilic structural motifs foimd in the donor substrate (i.e., arrangements of hydroxyl 
groups) . In contrast, the inhibitors of the present invention are based on hydrophobic 

25 structural motifs found in the carbohydrate portion of acceptor or donor substrates for the 
enzymes and also in the products of the enzymatic reaction {see, e.g.. Bourne et al. Current 
Opinion in Structural Biology 3, 681-686 (1993) and Gabius et al Pharm Res 15, 23-30 
(1998)). Thus, the inhibitors and assay methods of the invention take advantage of the 
hydrophobic interactions involved in the recognition of the acceptor substrate by the 

30 glycosyltransferase. As a consequence, the inhibitors of the invention preferably have 
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hydrophobic prioperties and are non-carbohydrate compounds that interact with hydrophobic 
amino acids in the active site of the target enzyme and compete with either the acceptor or 
donor substrate or the product. Without wishing to be bound by theory it is believed that 
hydrophobic residues in the active site contribute significantly to recognition of the natural 
5 acceptor substrate or product of the enzymatic reaction. In particular, bulky aromatic 

residues (e.g. Tyr, Trp, and Phe) or aliphatic residues (e.g. Leu, He, and Val) interact with the 
hydrophobic face of the sugars in the acceptor substrate or product (see. Figure 1). 

[0034] The inhibitors of the invention are based at least in part on the recognition that 
sugars interact with the glycosyltransferase active site through hydrophobic interactions (see, 
10 e.g., Figure IC). As shown in Figure IC, based on the orientation of the hydroxyl groups, 
sugars typically have a hydrophobic structural motif that interacts with hydrophobic amino 
acid residues in the protein. The inhibitors of the invention mimic the hydrophobic 
interaction or structure of the sugar substrates. 

[0035] The non-carbohydrate inhibitors of the present invention are thus selected by their 
1 5 ability to mimic those portions of the acceptor or donor substrate and/or enzymatic product 
that interact with the hydrophobic residues in the active site. Using the disclosure provided 
herein, one of skill can design and test a wide variety of potential glycosyltransferase 
inhibitors. Typically, the inhibitors are selected for their ability to mimic the structure and 
arrangement of the pyranose rings of one or more of the sugars in the donor or acceptor 
20 substrate. For example, if the acceptor substrate contains more than one sugar, the inhibitor 
can be designed to mimic the spatial orientation between the sugars in the substrate or the 
product. 

[0036] Since the inhibitors of the invention are based on hydrophobic interactions with the 
enzyme, design of the inhibitors can be facilitated by prediction of the relative 
25 hydrophobicity of candidate compounds. Means for determining the hydrophobicity of 

compounds are well known. Typically, hydrophobicity is expressed in terms of the Hansch 
constant. The Hansch constant is a measure of the capability of a solute for hydrophobic 
interaction based on the partition coefficient P for distribution of the solute between octanol 
and water. The most general way of applying P is as log P. 
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[0037] Selectivity and/ or increased affinity of the inhibitors for particular 
glycosyltransferases can be achieved by adding substituents to a core structure that affect the 
hydrophobicity of the test compound. The behavior of various substituents may be quantified 
by a substituent constant, Tt. There are various n scales, depending on the core structure used 
5 as reference. Tables providing n constants for substituents are available (see. e.g., Hansch 
and Leo, (1979), "Substituent Constants for Correlation Analysis in Chemistry and Biology", 
Wiley, New York, Hansch et al J. Med. Chem. 20:304 (1977), Hansch et al. J. Med. Chem. 
16:1207(1973),). Using this information, the relative hydrophobicity of different 
substitutions can be ascertained and used to design inhibitors of the invention. 

10 [0038] hihibitors of the invention typically comprise one or more hydrophobic groups. 
Usually, the compounds will comprise aromatic, heteroaromatic, multiple ring aromatic or 
aliphatic ring structures or any hydrophobic group that interacts with the hydrophobic 
residues in the active site. Based on the hydrophobic interactions described above and 
substituent constants described above, one of skill can identify or synthesize a number of test 

15 compounds that meet these criteria. To identify inhibitors, the test compounds can be 

conveniently screened in standard assays to determine their ability to inhibit the activity of 
the selected enzyme. 

[0039] One of skill will recognize that the inhibitors may be further modified to include 
various hydrophilic or charged groups to optimize potency. These moieties may be used, for 
20 example, to optimize avidity, solubility, bioavailablity or other aspects of the 
pharmacodynamics of the compounds. 

[0040] The inhibitors of the invention can be used to inhibit the activity of enzymes from 
any organism involved in synthesis of carbohydrates. For example, suitable fungal, bacterial, 
insect and plant enzymes include chitin synthase, sucrose synthase, invertase, and other 
25 enzymes involved in carbohydrate metabolism and biosynthesis. Representative biosynthetic 
pathways include cell wall biosynthesis, polysaccharide biosynthesis and lipopolysaccharide 
biosynthesis (see, for example, Alberts et al., eds. Molecular Biology of the Cell, 2"^ Ed., 
Garland Publishing, Lie, London 1989; Dey et al., eds. Plant Biochemistry, Academic Press, 
San Diego 1997). 
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[0041] In mammals and other organisms, glycosyltransferases are grouped into families 
based on the type of sugar residue transferred. For example, enzymes that transfer siaHc acid 
are called sialytransferases, those that transfer fiicose are called fucosyltransferases, and those 
that transfer galactose are called galactosyltransferases. In each family there are typically 10- 
5 15 different enzymes required to elaborate the diverse carbohydrate structures found on 

glycoproteins and glycolipids of animal cells. Each enzyme makes a defined structure based 
on the donor and acceptor substrates they utilize, and the anomeric linkage formed in the 
transfer reaction. 

[0042] A number of fucosyltransferases are known to those of skill in the art. Briefly, 

10 fucosyltransferases include any of those enzymes which transfer L-fucose from GDP-fucose 
to a hydroxy position of an acceptor sugar. In some embodiments, for example, the acceptor 
sugar is a GlcNAc in a Gaip(l-»3,4)GlcNAc group in an oligosaccharide glycoside. Suitable 
fucosyltransferases for this reaction include the known Gaip(l->3,4)GlcNAc 
a(l->3,4)fucosyltransferase (FucT-III E.G. No. 2.4.1.65) which is obtained fi"om human milk 

15 (see, e.g., Palcic et al. Carbohydrate Res. 190:1-11 (1989); Prieels, et al, J. Biol. Chem. 
256:10456-10463 (1981); and Nunez, et al, Can. J. Chem. 59:2086-2095 (1981)) and the 
PGal(1^4)PGlcNAc a(1^3)fucosyltransferases (FucT-IV, FucT-V, FucT-VI, and FucT- 
VII, E.G. No. 2.4.1.65) which are found in human serum. A recombinant form of 
PGal(l->3,4)P GlcNAc a(l->3,4)fucosyltransferase is also available {see, Dumas, et al, 

20 Bioorg. Med. Letters 1 :425-428 (1991) and Kukowska-Latallo, et al. Genes and 

Development 4:1288-1303 (1990)). Other exemplary fucosyltransferases include al,2 
fucosyltransferase (E.G. No. 2.4.1.69). An a 1,3 fucosyltransferase IX (nucleotide sequences 
of human and mouse FucT-IX are described in Kaneko et al (1999) FEBS Lett. 452: 237- 
242, and the chromosomal location of the human gene is described in Kaneko et al (1999) 

25 Cytogenet. Cell Genet. 86: 329-330). Recently reported al,3-fucosyltransferases that use an 
N-linked GlcNAc as an acceptor from the snail Lymnaea stagnalis and from mung bean are 
described in van Tetering a/. {1999) FEBS Lett. 461: 311-314 and Leiterera/. (1999) j: 
Biol. Chem. 21 A: 21830-21839, respectively. In addition, bacterial fucosyltransferases such 
as the a(l,3/4) fucosyltransferase of Helicobacter pylori as described in Rasko et al (2000) J 

30 Biol Chem 275:4988-94; as well as the al,2-fucosyltransferase of H Pylori (Wang et al 
{1999) Microbiology. 145:3245-53. See, also Staudacher, E. (1996) Trends in Glycoscience 
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and Glycotechnology, 8: 391-408 for description of fucosyltransferases useful in the 
invention. 

[0043] Exemplary galactosyltransferases include al,3- galactosyltransferases (E.C. No. 

2.4.1.151, see, e.g., Dabkowski et al. Transplant Proc. 25:2921 (1993) and Yamamoto et al. 
5 Nature 345:229-233 (1990), bovine (GenBank j04989), Joziasse et al. J. Biol. Chem. 

264:14290-14297 (1989), murine (GenBank m26925), Larsen et al Proc. Nat'l. Acad. Sci. 

USA 86:8227-8231 (1989), porcine (GenBank L36152), Strahan et al. Immunogenetics 

41 :101-105 (1995)). Another al,3-galactosyltransferase is involved in synthesis of the blood 

group B antigen (EC 2.4.1.37), Yamamoto et al. J. Biol. Chem. 265:1 146-1 151 (1990), 
10 (human). Others include al,4-galactosyltransferases, which include, for example, EC 

2.4. 1 .90 (LacNAc synthetase) and EC 2.4. 1 .22 (lactose synthetase) (bovine (D'Agostaro et al. 

Eur. J. Biochem. 183:211-217 (1989)), human (Masri et al. Biochem. Biophys. Res. Commun. 

157:657-663 (1988)). murine (Nakazawa et al. J. Biochem. 104:165-168 (1988)), as well as 

E.C. 2.4.1.38 and the ceramide galactosyltransferase (EC 2.4.1.45, Stahl et al. J. Neurosci. 
15 Res. 'i^-.lZA-l'M (1994)). Other suitable galactosyltransferases include, for example, al,2- 

galactosyltransf erases (from e.g., Schizosaccharomyces pombe, Chapell et al Mol. Biol. Cell 

5:519-528 (1994)). 

[0044] Mammalian serine/threonine-linked oligosaccharides (O-glycans) are commonly 
synthesized with the Golgi enzyme core 2 beta-l,6-N-acetylglucosaminyltransferase (C2 

20 GlcNAcT). Core 2 O-glycans have been hypothesized to be essential for mucin production 
and selectin ligand biosynthesis. Mice lacking C2 GlcNAcT exhibit a restricted phenotype 
with neutrophilia and a partial deficiency of selectin ligands. Studies indicate that core 2 
oligosaccharide biosynthesis segregates the physiologic roles of selectins and reveal a 
function for the C2 GlcNAcT in myeloid homeostasis and inflammation. EUies et al. 

25 Immunity 9:881-90 (1998) W099/27465). 

[0045] Sialyltransferases include ST3Gal III, ST3Gal IV, ST3Gal I, ST6Gal I, ST3Gal V, 
ST6Gal II, ST6GalNAc I, ST6GalNAc H, and ST6GalNAc III (the sialyltransferase 
nomenclature used herein is as described in Tsuji et al. Glycobiology 6: v-xiv (1996)). An 
exemplary a2,3-sialyltransferase (EC 2.4.99.6) transfers sialic acid to the non-reducing 
30 terminal Gal of a Gaip l->4GlcNAc disaccharide or glycoside. See, Van den Eijnden et al, J. 
Biol Chem., 256:3159 (1981), Weinstein et al. J. Biol Chem., 257:13845 (1982) and Wen et 
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al. J. Biol. Chem., 267:2101 1 (1992). Another exemplary a2,3-sialyltransferase (EC 
2.4.99.4) transfers sialic acid to the non-reducing terminal Gal of a Gaipi->'3GalNAc 
disaccharide or glycoside. See, Rearick et al., J. Biol. Chem., 254: 4444 (1979) and Gillespie 
et al, J. Biol. Chem., 267:21004 (1992). Further exemplary enzymes include Gal-p-1,4- 
5 GlcNAc a-2,6 sialyltransferase {See, Kurosawa et al. Eur. J. Biochem. 219: 375-381 (1994)). 

[0046] Some immune responses are mediated in part by 2,6-sialylgalactosides and 2,3- 
sialylgalactosides. These sialylgalactosides are ligands for cell surface molecules involved in 
intercellular adhesion and signal transduction, such as, for example, CD22. The 2,6- 
sialylgalactosides are typically involved in modulating immune responses mediated by B 
10 cells, while the 2,3-sialylgalactosides are generally involved in T cell mediated immune 
responses {see, e.g., W098/54365). 

10047] Other glycosyltransferases include, for instance, glucosyltransferases, e.g. , AlgS 
(Stagljov et al, Proc. Natl Acad. Sci. USA 91:5977 (1994)) or AlgS (Heesen et al Eur. J. 
Biochem. 224:71 (1994)), N-acetylgalactosaminyltransferases such as, for example, p(l,3)-iV- 

15 acetylgalactosaminyltransferase, P(l,4)-iV-acetylgalactosaminyltransferases (US Patent No. 
5,691,180; Nagata et al J. Biol Chem. 267:12082-12089 (1992), and Smith et al J. Biol 
Chem. 269:15162 (1994)) and polypeptide A^-acetylgalactosaminyltransferase (Homa et al J. 
Biol Chem. 268:12609 (1993)). Suitable A^-acetylglucosaminyltransferases include GnTI 
(2.4.1.101, Hull et al, BBRC 176:608 (1991)), GnTII, and GnTIII (Ihara et al J. Biochem. 

20 1 13:692 (1993)), GnTV (Shoreiban et al J. Biol Chem. 268: 15381 (1993)), O-linked A^- 

acetylglucosaminyltransferase (Bierhuizen et al Proc. Natl Acad. Sci. USA 89:9326 (1992)), 
N-acetylglucosamine-1 -phosphate transferase (Rajput et al Biochem J:285:985 (1992), and 
hyaluronan synthase. 

[0048] Also of interest are enzymes involved in proteoglycan synthesis, such as, for 
25 example, A^-acetylgalactosaminyltransferase I (EC 2.4. 1 .174), and enzymes involved in 
chondroitin sulfate synthesis, such as AT-acetylgalactosaminyltransferase 11 (EC 2.4,1.175). 
Suitable mannosyltransferases include a(l,2) mannosyltransferase, a(l,3) 

mannosyltransferase, P(l,4) mannosyltransferase, Dol-P-Man synthase, OChl, and Pmtl. 
Xylosyltransferases include, for example, protein xylosyltransferase (EC 2.4.2.26). 
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[0049] Presently preferred inhibitors act on enzymes selected from FTIII, FTVII, a(l,3) 
galactosyltransferase, ST6Gal I, STSGal I, GIcNAc transferase, a(l,3)Gal transferase, and 
UDPMurNAc transferase, UDPGlcNAc: MurNAc transferase. 

Glycosyltransferase Inhibitors of the Invention 
5 [0050] As noted above, the present invention provides methods of inhibiting 

glycosyltransferases. The methods comprise contacting a glycosyltransferase with an 
inhibitor that mimics a hydrophobic structural motif of a sugar recognized by the 
glycosyltransferase ( e.g., in an acceptor or donor substrate), thereby inhibiting the 
glycosyltransferase. In a preferred aspect, the inhibitor is a non-carbohydrate hydrophobic 
10 compound that interacts with the hydrophobic amino acid residues of the active site of the 
glycosyltransferase. 

[0051] The inhibitors usually comprise a carbocyclic (either ahphatic or aromatic) ring 
structure. Typically, the inhibitors comprise an aryl or a heteroaryl moiety that mimics the 
hydrophobic structure or face of the sugar. The aryl or heteroaryl moiety can mimic the 

1 5 hydrophobic structure of the acceptor substrate or the donor substrate. Typically, the rings of 
the inhibitors will be similar in size to the ring structure of the sugar substrate. In certain 
embodiments, the inhibitors of the present invention comprise a heteroaryl group including, 
but not limited to, quinolines, phenyl sulfonamides, phenothiazines, carbazoles, benzamides 
and benzopyranones, or derivatives thereof Further preferred heteroaryl moieties include 

20 carbazoles and phenothiazines or derivatives thereof. Other inhibitors of the present invention 
comprise heteroaryl moieties such as thiophene, pyridines, isoxazoles, phthalimides, 
pyrazoles, indoles and fiirans or derivatives thereof. 

[0052] Presently preferred inhibitors from the carbazole compound class include 
compounds having the structure according to Formula (I): 

25 




14 



wherein, 

is a member selected from substituted-alkyl, acylalkyl, acyl 
substituted-alkyl, acylheteroaryl, acyl substituted-heteroaryl, acylheterocyclyl, acyl 
substituted-heterocyclyl, acylaminoacyl and acyl substituted-amino acyl groups; and 

is a member selected from H, Ci-Ca alkyl and Ci-Ce substituted 

alkyl. 

[0053] In another preferred embodiment, the compounds of the invention have a structure 
according to Formula I, wherein 

r' is a member selected from acylpyridyl, acyl substituted-pyridyl, 
acyl substituted-amino acyl groups, wherein the amino nitrogen of said acyl substituted- 
amino acyl group is substituted with a group selected from aryl and substituted aryl groups, 
substituted-alkyl groups, wherein said substituted alkyl group is substituted with a member 
selected from oxyaryl, oxy substituted-aryl, amino and alkylamino groups; and 

R^ is a member selected from H, Ci-Ce alkyl and Ci-Ce substituted 

alkyl. 

[0054] In a still further preferred embodiment, the invention provides inhibitors having a 
structure according to Formula I wherein R^ is a substituted alkyl group having a structure 
according to Formula (II): 




(II) 

wherein, 

is selected from alkyl and substituted alkyl; 
R'^, R^, R^, R' and R^ are members independently selected from H, 
alkyl, substituted alkyl and alkoxy groups; and 

R^ is a member selected from H, Ci-Ce alkyl and Ci-Ce substituted 

alkyl. 

[0055] In another preferred embodiment, the invention provides inhibitors having a 
structure selected from the group of compounds displayed in Figure 5. 
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[0056] In a further preferred embodiment, the inhibitors of the invention are selected from 
phenothiazine and phenothiazine substituted at one or both of the phenyl rings. Preferred 
substituents on the phenyl group include halogen, haloalkyl and thioalkyl groups. In a further 
preferred embodiment, the substituents on the phenyl group are selected from 
5 trifluoromethyl, thiomethyl and chloro groups. 

[0057] In additional preferred embodiments, the thiazine-based compounds of the invention 
are also substituted at the thiazine nitrogen with Cj-Ce alkyl and Ci-Ce alkyl substituted with 
a group selected from heterocycles, substituted heterocycles and NR^R^, wherein and R"* 
are independently H, and Ci-Ce alkyl. 

10 [0058] In another embodiment, wherein the thiazine nitrogen is substituted with a 

heterocycle, presently preferred heterocycles are selected from piperazine, N-substituted 
piperazine, piperidine and N-substituted piperidine. 

[0059J In a fiirther preferred embodiment, the heterocycle is selected from piperazine and 

piperidine moieties which are N-substituted with C\-Ce alkyl. 

15 [0060] A number ofheteroaryl derivatives are known to those of skill. These groups 

include, for example, 2-azanaphthalenyl, bezoxazolyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3- 
pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4- 
oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5- 
thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4- 

20 pyrimidyl, 5-benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1 -isoquinolyl, 5- 
isoquinolyl, 2-quinoxalinyl, 5-quinoxahnyl, 3-quinolyl, 6-quinolyl, thiobenzoxazolyl, 
thiobenzothiazolyl and thiobenzimidazolyl derivatives. The heteroaryl group can be 
covalently attached to other functional groups to generate a hydrophobic structural motif that 
mimics the acceptor substrate. 

25 [0061] It will be apparent to those of skill in the art that in certain aspects, the heteroaryl 
derivatives of the present invention can be prepared using complementary functional groups. 
The reaction of these two functional groups, one on the heteroaryl group and the other on the 
derivative will provide the desired linkage. For example, the heteroaryl group may have an 
amine functional group, and the functional group on the derivative may be an activated 

30 carboxyl group, such as an acyl chloride or NHS ester. Reacting the two complementary 
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functional groups together will form an amide bond between the heteroaryl group and the 
derivative. By suitable choice of reactive groups, the desired coupling of the heteroaryl 
derivative can be obtained. 

[0062] In certain aspects, inhibitors of the present invention are selected by their log P 
5 value. The octanol-water partition coefficient for inhibitors can be empirically determined or 
can be predicted using software programs well known by those in skill in the art. Li one 
aspect, software available from Advance Chemistry Development (ACD) is used. For 
instance, the ACD program calculates an accurate Log P (octanol/water partition coefficient) 
within ±0.3 Log P imits {see, www.acdlabs.com). hi one preferred aspect, the log P of the 
10 natural acceptor substrate of the glycosyl transferase and inhibitor compound are within about 
3 units of each other and preferably with about 1 unit to about 2 units of each other. 

[0063] hi general, enzyme inhibition generally involves the interaction of a substance with 

an enzyme so as to decrease the rate of the reaction catalyzed by that enzyme. Inhibitors can 
be classified according a number of criteria. For example, they may be reversible or 
15 irreversible. An irreversible inhibitor dissociates very slowly, if at all, from its target enzyme 
because it becomes very tightly bound to the enzyme, either covalently or noncovalently. 
Reversible inhibition, in contrast, involves an enzyme-inhibitor complex that may dissociate. 

[0064] Inhibitors can also be classified according to whether they are competitive, 
noncompetitive or uncompetitive inhibitors. In competitive inhibition for kinetically simple 

20 systems involving a single subsfrate, the enzyme can bind either the substrate or the inhibitor, 
but not both. Typically, competitive inhibitors resemble the substrate or the product(s) and 
bind the active site of the enzyme, thus blocking the substrate from binding the active site. A 
competitive inhibitor diminishes the rate of catalysis by effectively reducing the affinity of 
the substrate for the enzyme. Typically, an enzyme may be competitively inhibited by its 

25 own product because of equilibrium considerations. Since the enzyme is a catalyst, it is in 
principle capable of accelerating a reaction in the forward or reverse direction. In a presently 
preferred embodiment, the enzyme inhibitors of the invention are competitive with the 
acceptor substrate. 

[0065] Noncompetitive inhibitors allow the enzyme to bind the substrate at the same time it 
30 binds the inhibitor. A noncompetitive inhibitor acts by decreasing the turnover number of an 
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enzyme rather than diminishing the proportion of free enzyme. Another possible category of 
inhibition is mixed or uncompetitive inhibition, in which the inhibitor affects the binding site 
and also alters the turnover number of the enzyme. Enzyme inhibition of kinetically complex 
systems involving more than one substrate, as is the case for glycosyltransferases, are 
5 described in Segel, Enzyme Kinetics, (Wiley, N.Y. 1975). 

Assays 

[0066] After compounds are synthesized or identified, they are tested in standard assays to 
determine the degree to which each compound inhibits the activity of the target 
glycosyltransferase. Glycosyltransferase activity and its inhibition is typically assayed 
10 according to standard methods for determining enzyme activity. For a general discussion of 
enzyme assays, see, Rossomando, "Measurement of Enzyme Activity" in Guide to Protein 
Purification, Vol. 182, Methods in Enzymology (Deutscher ed., 1990), and Fersht, Enzyme 
Structure and Mechanism (2d ed. 1985). 

[0067] An assay for glycosyltransferase activity typically contains a buffered solution 
15 adjusted to physiological pH, a source of divalent cations, a donor substrate an acceptor 

substrate, glycosyltransferase, and the test compound. After a predetermined time at 23 °C or 
37°C, the reaction is stopped and the product is isolated and quantitated according to standard 
methods. For example, glycosyltransferase assays which use a UV-labeled acceptor lead to a 
UV-labeled product that can be readily separated by reverse phase HPLC and quantitated by 
20 UV spectroscopy are described in Schaub et al. (1998) Glycoconjugate J. 15: 345-354. See 
also. Kajihara a/., Carbohydr. Res. 264: C1-C5 (1994); J. Org. Chem. 60: 5732-5735 
(1995). 

[0068] To aid in the efficient identification of test compounds with inhibitory activity, 
assay formats that allow rapid analysis of large numbers of test compounds are preferred. For 

25 example, high throughput assays based on the ELISA fonnat can be used (Figure 2). In these 
assays one of the components of the assay (usually the acceptor sugar) is immobilized on a 
solid surface (e.g., the well of a microtiter plate). For example, a glycoprotein comprising the 
acceptor sugar can be conveniently used. The other components are added and the mixture is 
incubated under conditions suitable for the synthesis of the final product. An labeled 

30 antibody specifically reactive with the product is used to detect the presence of the final 
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product. Standard means for quantifying the signal produced by the labeled antibody can be 
used. 

[0069] Alternatively, radioactive column assays can be conveniently used (Figure 3). In 
these methods either the donor or acceptor sugar is radioactively labeled {e.g., using '^C or 
5 ^H). The other components are added and incubated under appropriate conditions. The 
product is then isolated from the unreacted sugars using colimm chromatography {e.g., 
separated by size or charge). The radioactivity of the fractions containing the product is 
measured to determine the amount of product produced. 

[0070] In some embodiments, cell-based assays are used (Figure 4). In these assays, a cell 
10 which does not naturally make the final product is transfected with nucleic acids encoding the 
desired glycosyltransferase. The remaining components not provided by the cell are added 
and the ability of the cell to make the product is detected, typically using a labeled antibody. 
Means for recombinantly expressing desired glycosyltransferases and detecting the presence 
of new carbohydrates on the surface of the cell are known {see, U.S. Patent Nos. 5,324,663 
15 and 5,595,900). 

[0071] Test compounds that show good inhibitory properties can be further tested for their 
ability to inhibit various responses {e.g., immune or inflammatory) in in vitro cellular assays 
or in laboratory animals. Assays that are suitable for testing the effect of a 
glycosyltransferase inhibitor on other types of immune responses include, for example, B cell 
20 proliferation assays, CTL activation assays, and the like. Such assays are described in, for 
example, Hennet et al. Proc. Nat 7. Acad. Sci. USA 95: 4504-4509 (1998). In addition, other 
studies, such as those designed to analyze the time course of drugs in the body with reference 
to their absorption, distribution metabolism, and elimination (ADME) can carried out. 
Various protocols for such studies are well known. 

25 Uses for Glycosyltransferase Inhibitors 

[0072] The invention also provides methods of inhibiting glycosyltransferase-catalyzed 
synthesis of a particular glycoside by contacting a glycosyltransferase with a compound of 
the invention. The methods can be used to modulate the activity of glycosyltransferases in a 
number of contexts. The inhibitors of the invention can be used, for example, to control 

30 glycosyltransferase activity in vitro. For example, the inhibitors can used to inhibit 
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glycosyltransferase activity in cell cultures used to prepare desired carbohydrate structures. 
The inhibitors are also conveniently used to produce animal models of disease by selectively 
inhibiting desired glycosyltransferases in vivo. 

[0073] A number of biological processes depend upon the presence or absence of a 
5 particular carbohydrate structure. For example, the compounds can be used as antibiotics to 
inhibit glycosyltransferase activity in disease organisms such as bacteria, fungi and yeast. 
Glycosyltransferases have been implicated in a number of diseases in humans. Many disease 
states {e.g., inflammatory or immune responses) involve intercellular recognition mediated by 
cell surface receptors that include a particular oligosaccharide. For example, the ST6Gal 

10 sialyltransferase controls production of a N-linked sialoside, which is the ligand for the lectin 
CD22. Studies using transgenic mice in which the gene encoding the ST6Gal 
sialyltransferase has been knocked out suggest that the activity of this enzyme and 
corresponding production of the oligosaccharide are essential in promoting B lymphocyte 
activation and immune function (Hennet et al. Proc Natl Acad Sci USA 95(8):4504-9 

15 (1998)). Other glycosyltransferases such as , FTIIl, FTVII, a(l,3) galactosyltransferase, 

ST6Gal I, STBGal I, GlcNAc transferase, UDPMurNAc transferase, UDPGlcNAc: MurNAc 
transferase have similsurly been implicated in disease processes. 

[0074] Similarly, various and specific biological roles of fucosylated glycans have been 
reported. For example, the carbohydrate ligands for the lectin molecules termed selectins are 

20 fucosylated (Etzioni, A. et al. Immunodeficiency 4, 307-308 (1993)). The selectins are 

encoded by three genes that produce either E-. L- or P-selectin. They were initially defined 
regarding their preferential expression on endothehxmi (E-selectin), leukocytes (L-selectin), 
and platelets (P-selectin). The selectins bind to specific glycans termed sialyl Lewis X 
presented on glycoproteins and perhaps glycolipids of specific cell and tissue surfaces. This 

25 structure requires both fucose and sialic acid at the outer terminus in specific linkage pattern. 
In addition, epithelial and gastrointestinal expression of fucose is linked to certain disease 
and pathogen susceptibilities, in some cases in the context of the ABO blood grouping. 
There is a small but significant increase in susceptibihty to stomach cancer among blood type 
A individuals, and those with blood type O have a slightly higher incidence of peptic ulcer. 

30 Both of these disorders have been linked to an infection involving the spirochete 
Helicobacter pylori. 
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[0075] Fucosyltransferase activity in the stomach epithelium has been shown capable of 
providing an adhesion function to Helicobacter pylori. Fucosylation of the gastric epithelium 
can therefore modulate the adhesion and colonization of this pathogenic organism in humans. 
H. pylori colonizes the stomach of at least half of all humans surveyed. A subpopulation of 
5 humans infected with H. pylori go on to develop gastric and duodenal ulcers. How the 
bacterium attaches to host cells has been the subject of intense investigation. Among the 
candidate adhesion receptors that appear associated with gut inflammatory disease is the 
fucosylated carbohydrate, Lewis b (liver et al. Science 279:373-377 (1998). Lewis b 
(Fucal,2Gaipi,3(Fucal,4)GlcNAc-R) is the product of two fucosyltransferases, FucT-II and 
10 FucT-IIL (Falketal. Proa Natl Acad Sci USA 92, 1515-1519 (1995) and Guruge et al. Proc 
Natl Acad Sci USA 95, 3925-3930 (1998)). 

[0076] In addition, specific carbohydrates have been implicated in angiogenesis 
(W098/48817). Thus, control of the synthesis of these structures can be used to treat 
angiogenesis associated with cancer and other diseases. Similarly, inhibitors of 

15 glycosyltransferases can be used as antibacterial compounds. For example, known 

antibacterial compounds, such as ramoplanin and vancomycin are known to inhibit enzymes 
involved in carbohydrate sjmthesis. Thus, the compounds of the invention can be used as 
therapeutic compounds for treatment of human diseases, antibiotics, insecticides, and the like. 
In one preferred embodiment, the compounds of the invention are used for therapeutic 

20 treatment of disease. 

[0077] The compositions and methods of the present invention find use in both therapeutic 
and diagnostic appUcations. For instance, the glycosyltransferase inhibitors, which can act as 
substrate analogs, are used for in vitro diagnosis of cells, (e.g., cancer cells) that express the 
particular glycosyltransferase of interest. Moreover, inhibitors of a(l,3) galactosyl 
25 transferases can be used to retard or prevent the rejection of xenografts. The response of the 
cells to a biologically effective dose of the agent can then be determined. 

[0078] The glycosyltransferase inhibitor compoimds of the invention also find use 
therapeutically to selectively inhibit glycosyltransferase activity associated with a variety of 
immune responses. For example, the inhibitors of the invention can be used to inhibit 
30 deleterious immune responses associated with autoimmune disease, graft rejection and 
allergies. Inappropriate activation of the inmiune system is a component of a nimiber of 
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immunopathologies, such as autoimmunity, allograft rejection and allergic responses. 
Exemplary autoimmxme diseases include rheumatoid arthritis, multiple sclerosis, lupus, 
scleroderma and myasthenia gravis. Allergic responses include allergies to various pollens, 
dust mites and the like. In addition, foreign infectious diseases may cause immunopathology 
5 (e.g., lyme disease, hepatitis, LCMV, post-streptococcal endocarditis, or glomerulonephritis). 
Food hypersensitivities, such as celiac disease and Crohn's disease, as well as other allergic 
diseases, have been associated with inappropriate immune responses or suspected of having 
an autoimmune component. 

[0079] Other disorders treatable by compositions of the present invention include, e.g., 
10 rheumatoid arthritis, post-ischemic leukocyte-mediated tissue damage (reperfusion injury), 
acute leukocyte-mediated lung injury (e.g., adult respiratory distress syndrome), septic shock, 
and acute and chronic inflammation, including atopic dermatitis and psoriasis. In the case of 
reperfusion injury, the blocking agents are ideally used prophylactically prior to heart surgery 
to enhance post-surgical recovery. In addition, tumor metastasis can be prevented by 
1 5 inhibiting the adhesion of circulating cancer cells. Examples include carcinoma of the colon 
and melanoma. 

[0080] In therapeutic applications, the glycosyltransferase inhibitors of the invention are 
administered to an individual already suffering from an inappropriate or undesirable immime 
response. Compositions that contain the glycosyltransferase inhibitors are administered to a 

20 patient in an amount sufficient to suppress the undesirable immune response and to cure or at 
least partially arrest symptoms and/or complications. An amount adequate to accomplish this 
is defined as a "therapeutically effective dose." Amounts effective for this use will depend 
on, e.g., the inhibitor composition, the manner of administration, the stage and severity of the 
disease being treated, the weight and general state of health of the patient, and the judgment 

25 of the prescribing physician. 

[0081] It must be kept in mind that the compositions of the present invention may be 
employed in serious disease states, that is, life-threatening or potentially life threatening 
situations. In such cases, in view of the minimization of extraneous substances and the 
relative nontoxic nature of the inhibitors, it is possible and may be felt desirable by the 
30 treating physician to administer substantial excesses of these compositions. 
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[0082] The dose of the glycosyltransferase inhibitor of the invention for treatment of 
inflammatory disease will vary according to, e.g., the particular inhibitor, the manner of 
administration, the particular disease being treated and its severity, the overall health and 
condition of the patient, and the judgment of the prescribing physician. 

5 [0083] The pharmaceutical compositions are intended for parenteral, topical, oral or local 
administration, such as by aerosol or transdermally, for prophylactic and/or therapeutic 
treatment. For topical application, non-sprayable forms, viscous to semi-solid or solid forms 
comprising a carrier compatible with topical application and having a dynamic viscosity 
preferably greater than water are typically used. Suitable formulations include but are not 
10 limited to solutions, suspensions, emulsions, creams, ointments, powders, liniments, salves, 
aerosols, etc., which are, if desired, sterihzed or mixed with auxihary agents, e.g., 
preservatives, stabilizers, wetting agents, buffers or salts for influencing osmotic pressure, 
etc. 

[0084] For aerosol administration, the compounds are preferably supplied in finely divided 

15 form along with a surfactant and propellant. Typical percentages of blocking agents are 

0.1%-10% by weight, preferably l%-5%. The surfactant must, of course, be nontoxic, and 
preferably soluble in the propellant. Representative of such agents are the esters or partial 
esters of fatty acids containing from 6 to 22 carbon atoms, such as caproic, octanoic, lauric, 
palmitic, stearic, linoleic, linolenic, olesteric and oleic acids with an aliphatic polyhydric 

20 alcohol or its cyclic anhydride such as, for example, ethylene glycol, glycerol, erythritol, 
arbitol, mannitol, sorbitol, the hexitol anhydrides derived from sorbitol, and the 
polyoxyethylene and polyoxypropylene derivatives of these esters. Mixed esters, such as 
mixed or natural glycerides may be employed. The surfactant may constitute 0. l%-20% by 
weight of the composition, preferably 0.25-5%. The balance of the composition is ordinarily 

25 propellant. Liquefied propellants are typically gases at ambient conditions, and are 

condensed under pressure. Among suitable liquefied propellants are the lower alkanes 
containing up to 5 carbons, such as butane and propane; and preferably fluorinated or 
fluorochlorinated alkanes. Mixtures of the above may also be employed. In producing the 
aerosol, a container equipped with a suitable valve is filled with the appropriate propellant, 

30 containing the finely divided compounds and surfactant. The ingredients are thus maintained 
at an elevated pressure until released by action of the valve. 
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[0085] This invention also provides compositions for intravenous administration which 
comprise a solution of the glycosyltransferase inhibitor dissolved or suspended in an 
acceptable carrier, preferably an aqueous carrier. A variety of aqueous carriers may be used, 
e.g., water, buffered water, 0.4% saline, and the like. These compositions may be sterilized 
5 by conventional, well known sterilization techniques, or may be sterile filtered. The resulting 
aqueous solutions may be packaged for use as is, or lyophilized, the lyophilized preparation 
being combined with a sterile aqueous solution prior to administration. The compositions 
may contain pharmaceutically acceptable auxiliary substances as required to approximate 
physiological conditions, such as pH adjusting and buffering agents, tonicity adjusting agents, 
10 wetting agents and the like, for example, sodium acetate, sodium lactate, sodium chloride, 
potassium chloride, calcium chloride, sorbitan monolaurate, triethanolamine oleate, etc. 

[0086] The concentration of the glycosyltransferase inhibitor that can be combined to form 
a "cocktail" imder certain circumstances for increased efficacy in the pharmaceutical 
formulations can vary widely, i.e., firom less than about 0.05%, usually at or at least about 1% 
15 to as much as 10 to 30% by weight and will be selected primarily by fluid volumes, 
viscosities, etc., in accordance with the particular mode of administration selected. 

[0087] Thus, a typical pharmaceutical composition for intravenous infiision could be made 
up to contain 250 ml of sterile Ringer's solution, and a unit dosage comprising 2-2,000 mg of 
the compound. Actual methods for preparing parenterally administrable compounds will be 

20 known or apparent to those skilled in the art and are described in more detail in for example. 
Remingtons Pharmaceutical Sciences, 18th ed.. Mack Publishing Company, Easton, PA 
(1990). For solid compositions, conventional nontoxic soUd carriers may be used which 
include, for example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, 
sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium carbonate, and the like. 

25 For oral administration, a pharmaceutically acceptable nontoxic composition is formed by 
incorporating any of the normally employed excipients, such as those carriers previously 
listed, and generally 10-95% of active ingredient, that is, one or more glycosyltransferase 
inhibitors of the invention, preferably 15%. 

[0088] The glycosyltransferase inhibitors of the invention can also be administered via 
30 liposomes, which serve to target the conjugates to a particular tissue, such as lymphoid tissue, 
or targeted selectively to infected cells, as well as increase the half-life of the peptide 
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composition. Liposomes include emulsions, foams, micelles, insoluble monolayers, liquid 
crystals, phospholipid dispersions, lamellar layers and the like. In these preparations the 
peptide to be delivered is incorporated as part of a liposome, alone or in conjunction with a 
molecule which binds to, e.g., a receptor prevalent among lymphoid cells, such as 
5 monoclonal antibodies which bind to the CD45 antigen, or with other therapeutic or 

immunogenic compositions. Thus, liposomes filled with a desired peptide or conjugate of the 
invention can be directed to the site of lymphoid cells, where the liposomes then deliver the 
selected glycosyltransferase inhibitor compositions. Liposomes for use in the invention are 
formed from standard vesicle-forming lipids, which generally include neutral and negatively 
10 charged phospholipids and a sterol, such as cholesterol. The selection of lipids is generally 
guided by consideration of, e.g., liposome size, acid lability and stability of the liposomes in 
the blood stream. A variety of methods are available for preparing liposomes, as described 
in, e.g., Szoka et al, Ann. Rev. Biophys. Bioeng. 9:467 (1980); U.S. Pat. Nos. 4,235,871, 
4,501,728 and 4,837,028. 

1 5 [0089] The targeting of liposomes using a variety of targeting agents is well known in the 
art {see. e.g., U.S. Patent Nos. 4,957,773 and 4,603,044). For targeting to the immune cells, a 
ligand to be incorporated into the liposome can include, e.g., antibodies or fragments thereof 
specific for cell surface determinants of the desired immune system cells, A liposome 
suspension containing a peptide or conjugate may be administered infravenously, locally, 

20 topically, etc. in a dose which varies according to, inter alia, the manner of adminisfration, the 
conjugate being delivered, and the stage of the disease being treated. 

[0090] The compositions containing the compounds can be administered for prophylactic 
and/or therapeutic treatments. In therapeutic applications, compositions are administered to a 
patient already suffering from a disease, as described above, in an amount sufficient to cure 

25 or at least partially arrest the symptoms of the disease and its complications. An amount 
adequate to accomplish this is defined as a "therapeutically effective dose." Unit dosages 
effective for this use will depend on the severity of the disease and the weight and general 
state of the patient, but generally range from about 0.5 mg to about 10 g of 
glycosyltransferase inhibitor for a 70 kg patient, usually from about 10 mg to about 5 g, and 

30 preferably between about 2 mg and about 1 g. Therapeutic administration may begin at the 
first sign of disease or the detection or shortly after diagnosis in the case of immime disorder. 
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This is often followed by repeated administration until at least symptoms are substantially 

abated and for a period thereafter. These doses can be followed by repeated administrations 
over weeks to months depending upon the patient's response and condition. 

[0091] In prophylactic applications, compositions containing the compounds of the 
5 invention are administered to a patient susceptible to or otherwise at risk of a particular 
disease. Such an amount is defined to be a "prophylactically effective dose." For 
prophylactic use, the inhibitor compounds are administered to risk groups. In this use, the 
precise amounts again depend on the patient's state of health and weight, but generally range 
fi-om about 0.5 mg to about 10 g of glycosyltransferase inhibitor for a 70 kg patient, usually 
10 from about 10 mg to about 5 g, and preferably between about 2 mg and about 1 g. 

[0092] Single or multiple administrations of the compositions can be carried out with dose 
levels and pattern being selected by the treating physician. In any event, the pharmaceutical 
formulations should provide a quantity of inhibitor of this invention sufficient to effectively 
treat the patient. 

15 [0093] The effect of administration of the glycosyltransferase inhibitors of the invention 
can be monitored by detecting the levels of product glycosides in a sample fi-om a patient. 
This can be performed according to standard methods for detection of desired carbohydrate 
structures. For instance, specific lectins or antibodies raised against the ligand can be used. 
Particular lectins are well known and commercially available (e.g., fi-om Sigma Chemical 

20 Co., St. Louis MO). 

[0094] Glycosyltransferases themselves, in particular the acceptor binding domain of a 
glycosyltransferase, are also usefiil as binding moieties in the diagnostic assays of the 
invention. In the absence of a particular glycosyltransferase, for example, the concentration 
of acceptor moieties tends to increase. As an example, a deficiency of ST6Gal 
25 sialyltransferase causes a dramatic increase in terminal galactose residues (i.e., 

Gaipi,4GlcNAc-) on B cells. Thus, one can use the ST6Gal sialyltransferase as a detection 
moiety to determine whether ST6Gal is deficient in the cells. An ST3Gal transferase can be 
used similarly as a detection moiety. 

[0095] In typical embodiments, the detection moieties are labeled with a detectable label. 
30 The detectable labels can be primary labels (where the label comprises an element that is 
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detected directly or that produces a directly detectable element) or secondary labels (where 
the detected label binds to a primary label, as is common in immunological labeling). An 
introduction to labels, labeling procedures and detection of labels is found in Polak and Van 
Noorden (1997) Introduction to Immunocytochemistry, 2nd ed., Springer Verlag, NY and in 
5 Haugland (1 996) Handbook of Fluorescent Probes and Research Chemicals, a combined 
handbook and catalogue published by Molecular Probes, Inc., Eugene, OR. Primary and 
secondary labels can include undetected elements as well as detected elements. Useful 
primary and secondary labels in the present invention can include spectral labels such as 
fluorescent dyes {e.g., fluorescein and derivatives such as fluorescein isothiocyanate 

10 (FITC)and Oregon Green™, rhodamine and derivatives (e.g., Texas red, tetrarhodimine 

isothiocynate (TRITC), etc.), digoxigenin, biotin, phycoerythrin, AMCA, CyDyes™, and the 
like), radiolabels {e.g., ^H, '^^I, ^^S, '^C, "P, etc.), enzymes {e.g., horse radish 
peroxidase, alkaline phosphatase etc.), spectral colorimetric labels such as colloidal gold or 
colored glass or plastic {e.g. polystyrene, polypropylene, latex, etc?) beads. The label may be 

1 5 coupled directly or indirectly to a component of the detection assay {e.g., the detection 

reagent) according to methods well known in the art. As indicated above, a wide variety of 
labels may be used, with the choice of label depending on sensitivity required, ease of 
conjugation with the compound, stability requirements, available instrumentation, and 
disposal provisions. 

20 [0096] Preferred labels include those that use: 1) chemiluminescence (using horseradish 
peroxidase or luciferase) with substrates that produce photons as breakdown products as 
described above) with kits being available, e.g., from Molecular Probes, Amersham, 
Boehringer-Mannheim, and Life Technologies/ Gibco BRL; 2) color production (using both 
horseradish peroxidase and/or alkaline phosphatase with substrates that produce a colored 

25 precipitate [kits available from Life Technologies/Gibco BRL, and Boehringer-Marmheim]); 
3) hemifluorescence using, e.g., alkaline phosphatase and the substrate AttoPhos [Amersham] 
or other substrates that produce fluorescent products, 4) fluorescence {e.g., using Cy-5 
[Amersham]), fluorescein, and other fluorescent tags]; 5) radioactivity. Other methods for 
labeling and detection will be readily apparent to one skilled in the art. 

30 [0097] Preferred enzymes that can be conjugated to detection reagents of the invention 
include, e.g., luciferase, and horse radish peroxidase. The chemiluminescent substrate for 
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luciferase is luciferin. Embodiments of alkaline phosphatase substrates include p-nitrophenyl 
phosphate (pNPP), which is detected with a spectrophotometer; 5-bromo-4-chloro-3-indolyl 
phosphate/nitro blue tetrazolium (BCIP/NBT) and fast red/napthol AS-TR phosphate, which 
are detected visually; and 4-methoxy-4-(3-phosphonophenyl) spiro[l,2-dioxetane-3,2'- 
5 adamantane], which is detected with a luminometer. Embodiments of horse radish 

peroxidase substrates include 2,2'azino-bis(3-ethylbenzthiazoline-6 sulfonic acid) (ABTS), 5- 
aminosalicylic acid (5 AS), o-dianisidine, and o-phenylenediamine (OPD), which are detected 
with a spectrophotometer; and 3,3,5,5'-tetramethylbenzidine (TMB), 3,3'diaminobenzidine 
(DAB), 3-amino-9-ethylcarbazole (AEC), and 4-chloro-l-naphthol (4C1N), which are 
10 detected visually. Other suitable substrates are known to those skilled in the art. 

[00981 hi general, a detector which monitors a particular label is used to detect the label. 
Typical detectors include spectrophotometers, phototubes and photodiodes, microscopes, 
scintillation counters, cameras, film and the like, as well as combinations thereof Examples 
of suitable detectors are widely available from a variety of commercial sources known to 
1 5 persons of skill. Commonly, an optical image of a substrate comprising bound labeling 
moieties is digitized for subsequent computer analysis. 

[0099] Efficacy of a treatment regime is indicated by a substantial reduction of product 
glycosides in a sample obtained firom the patient. Alternatively, methods for detecting levels 
of specific glycosyltransferase activities can be used. Standard assays for detecting 

20 glycosyltransferases such as the ST6Gal and ST3Gal I are known to those of skill in the art. 
Again, treatment efficacy is indicated by a substantial reduction in activity of the particular 
glycosyltransferase. As used herein, a "substantial reduction" in the appropriate 
sialylgalactoside levels or glycosyltransferase activity refers to a reduction of at least about 
30% in the test sample compared to a non-immunodeficient control. Preferably, the reduction 

25 will be at least about 50%, more preferably at least about 75%, and most preferably 

sialylgalactoside or glycosyltransferase levels will be reduced by at least about 90% in a 
sample from a treated mammal compared to an untreated control. 

EXAMPLES 

[0100] The following example provides exemplary assay protocols of the invention. 
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FTVII ASSAY PROTOCOL 



5 [0101] Fluoronunc Maxisorp Microtiterplate plates (Nunc Cat# 437958) were coated with 
100 nl/well of the acceptor substrate, Sialyl-LNnt BSA(10 fxg/ml in PBS), either overnight at 
4°C or for 2 hours at 37°C. The plates were then washed with 100 /zl/well of PBS, and then 
blocked with Superblock (Pierce Cat# 37535) (200 /il/well) for 1 hour at room temperature. 
The plates were then washed with 200 /il/well of TBS/Tween (Tris-Buffered Saline + Tween: 
10 25 mM Tris, 0. IM NaCl, 0.02% Tween 20, 0.02% sodium azide, pH 7.5) 



The assay mix comprised: TBS :Tween 

GDP fucose 100 aiM 

MnCb 10 nM 

FTVII enzyme 6.2 mUnits/ml 



[0102] The assay mix (100/xI/well) was added and the plates were incubated for 90 minutes 
at 37°C. After the incubation period, the plates were washed twice with TBSrTween and 
once with TBS-lOB (TBS diluted 10-fold with H20 plus 0.25% BSA, 0.02% Tween 20). An 

20 antibody specific to the product (the CSLEX antibody) was then added at 1 :30 dilution in 
TBS- 1 OB and incubated for 1 hour at room temperatiu*e. The plates were then washed again 
three times with TTBS-lOB, 200 /itl/well. The peroxidase conjugated anti-murine IgM 
diluted 1 to 1000 in TTBS-lOB was added to the plates (100 /il/well) and the plates were 
incubated for 1 hour at room temperature. The plates were then washed six times with 

25 TTBS-lOB (100 /il/well). The TMB substrate (100 /il/well) was added to the plates and the 
color was allowed to develop for 15 minutes at room temperature. Phosphoric acid (IM) was 
added to the plates (100 /tl/well), to stop the peroxidase reaction and after mixing the 
absorbance was read at 450 nm. 
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ST6GAL1 ASSAY PROTOCOL 

[0103] Immulon4 ELISA plates (96 well, Dynex (Cat #02402-958) were coated with the 
acceptor substrate asialo-fetuin in PBS (150 mM NaCl, 6.7 mM KH2PO4, 0.02% NaNa, 
pH7.4) at a concentration of 20 ptg/ml (100 pel/well) and the acceptor was allowed to adhere to 
5 the plate overnight at 4°C. The coating solution was removed by aspirating and the wells 
were washed with 3x200 /xl of PBS. The wells were then blocked with PBS plus 1% gelatin, 
200 /il/well for 45-60 minutes at room temperature. After washing the wells three times with 
PBS, 100 fi\ of the assay mix containing 250 ju,Units/ml of human ST6Gal I in reaction buffer 
(50mM MES, pH6.0, 100 fjM CMP-Neu5Ac) was added to the wells and allowed to incubate 

10 at 37°C for 45 minutes. Enzyme incubation was terminated by the aspiration of well 

contents. The wells were then washed with 3x200 /il of PBS containing 0.05% Tween 20 
(PBST). The dl,6 sialylated product was detected by Emporium-labeled Sambucus nigra 
agglutinin (SNA). The wells were overlaid with 100 fi\ of SNA in PBST at 1 (i^ml for 45 
minutes at room temperature, followed by 4x100 pX washes with PBST. Europium enhancing 

15 reagent (naphthoyltrifluoroacetone + 0.1% Triton X-100) was added at 50 /il/well and after a 
30 minute incubation at room temperature, the plates were read on a BMG Fluostar plate 
reader with excitation at 340 ±35 nm and emission at 615 ± 10 nm. To ensiu-e that the 
detection reagent is effective, fetuin at 20 /ig/ml is used as a control. 

20 

[0104] It is understood that the examples and embodiments described herein are for 

illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of 
25 this application and scope of the appended claims. All publications, patents, and patent 
applications cited herein are hereby incorporated by reference for all purposes. 



